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Detailed Explanation of the Invention 

1. Name of the invention 

Beam Focusing (Converging) Lesis 

2. Scope of the Claims 

Beam focusing lens characterized by the fact that the first and the second positive 
meniscus lenses made from zinc selenide are installed so that their convex surfaces face 
the direction of the incident light beam and when the total system focal distance is 
denoted as f , die curvature radius that forms the above described second positive 
meniscus iens on one side is within the range of 1.5 F to 0.5 F, and the other side it is 
within the range of 2.0 F - 0.5 F. 

3. Detailed Explanation of the Invention 
Technical Field of the Invention 

The present invention is an invention about a beam converging lens that is used for beam 
focusing in order to focus laser beams, etc. on a microscopic spot. 

Structure of Previous Technology Examples and Their Problem Points 

Laser beam generated from laser generating oscillating device is focused on a 
microscopic spot by using a light focusing Sens and the high speed, precision cutting of 
metals or ceramic, etc., non-metal materials, can be performed. 

In this case a high power st i e t that is 

installed outsid f the lasei net md by that the power destsit 

becomes unusually high at f(f - 10 ? W/cm2 and a carbon oxide gas laser oscillating at a 
wavelength of approximately 10.6 pro is used appropriately. 
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In Figure 1 ihre< -u-. < i i | ss tg device 

according to the previous technology, which utilve- ,s e\; tal p irt optical system is 
shown. 

in the Figure, 1 represents the carbon oxide gas laser oscillation device, 2 represents the 
leaser beam that is propagated from the laser oscillating device, and in order to fix the 
reflecting position, the reflective mirror 3, used in order to j u • ttened la^er 

beam to the cutting process position, is fixed securely inside the holder 4, The reflected 
laser beam is focused on the processing position 7 on the surface of the material subject 
to the processing through a norma! light focusing lens 5 and the precision cutting is 
performed. Regarding the material of the light focusing lens 5. it is possible to use Ge, 
GaAs, CdTe, ZnSe, etc., materials which do not absorb the 10.6 pro oscillation 
wavelength light of the carbon oxide gas laser, however, usually, there are many cases 
where ZnSe is used because of the fact that it has strong behavior relative to the usual 
thermal expansion impact, has low laser bean absorption ratio and has good visibility 
properties relative to visible light. However, the ZnSe is an expensive material and 
because of that in the past light focusing lenses have been used that have been formed 
from single individual lenses. 

Regarding Figure 2. by a single lens manufactured from ZnSe, which is representative of 
the lenses used according to the previous technology, in the ease of Figure 2 (a), by using 
the easy to manufacture plano-convex lens 15, where the lens focal distance is made to be 
f mm, and relative to 10.6 um wavelength, it has a refraction ratio of 2.40 and because of 
that the lens surface curvatures are correspondingly yl 51 1.4 f mm, yl.52 = In the 
case of this piano-convex lens 15, the side on the other side of the curved surface is a fiat 
surface and because of that the manufacturing is easy, and because of that the 
maintenance methods are easy, however the aberration is large. In the case of the single 
lens 25 in Figure 2 (b), it has the focusing meniscus shape that has small abberation and 
because of that if the focal point distance of the lens is denoted as fl mm, the surface 
curvature ratio of the lens is made to be y25 1 «~ 0.9 f mm, y252 - 2 .4 f nun, and because 
of that it is a lens that as a single lens has small abberation. However, even in the case of 
the single lens 25 shown according to Figure 2 (b), the focusing spot cannot be made to 
be sufficiently small. For example, m the case when a laser beam with Gaussian 
distribution of the radius 16 <J>, is focused by using an f- 1.5" meniscus single lens, the 
side dii etion sph bbera on rei is appi ximatel ty"-50 pa 

Goal of the Present Invention 

The present invention is an invention that has as a goal to solve the above described 
drawback points and because of that it has as a goal to conceive a lens where the 
abberation is small and where the power at the time of the processing is increased and 
the processing precision is improved. 
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Structure of the Present Invention 



The present invention is in invention where in order to achieve the above described goaf 
the following is suggested; a beam focusing lens characterized by the fact that the first 
and the second positive meniscus lenses made from zinc selemde are installed so that 
their convex surfaces face the direction of the incident light beam and when the total 
system local distance is denoted as F, the curvature radius that forms die above described 
second positive meniscus lens on one side is within the range of 1.5 F to 0.5 F, and the 
other stde it is within the range of 2.0 F - 0.5 F. 

E xplanation of a Practical Implementation Example 

In Figure 3 the beam focusing lens, which is the first practical embodiment example of 
the present invention, and its light path diagram, are presented. 

In the case of this practical implementation example it has a structure that is formed by 
combining the shown as 31 and 32 two positive meniscus lenses. As the material for 
these positive meniscus lenses 31 and 32, ZnSe is used. This is based on the fact that the 
spectral transmissivity is within a wide range of 0,48 p.- 18 p, because of the provided 
anti-reflective layer, and it shows an approximately 90% or higher flat Trend, and because 
of that at the time of normal light, the lens insertion, adjustment and measurement are 
easy, the break threshold value is high , the thermal resistance properties are good, and 
especially, the refractive ratio at 2,4028 10.6k) is high, and it is quite effective as a 
light focusing lens materia) used (or the focusing of carbon oxide laser beam. 

Regarding the first positive meniscus lens 3.1, it has a structure where, the curvature radii 
are R ! and R2 and the lens thickness is dl, and for the second positive meniscus lens 32, 
the curvature radii are R3, R4, and the lens thickness is d3, and the space between the two 
lenses is only the gap of the distance d2. 

Then, at the time when the lens design is performed, the following become necessary 
conditions: the f number is increased, the diffraction abberalion is reduced, and a balance 
with the fight beam following aberration amount is preserved, and not only that but also, 
die number of the structural components is made to be small and a microscopic spot is 
produced. Then, it is necessary that, first, the spherical surface aberration, the side 
aberration for the laser beam generated diffus >n a toil diffraction iberration relative 
to the F number, the focal point depth on that, the working distance, etc., are taken into 
consideration and the spot diameter is determined. Regarding the lens structure, a lens is 
produced where m correspondence to a refractive index of n~2.4028, a tertiary aberration 
toeffiefent i 1 - <. i i o st i tm mmm m snuc aire component 

number two lenses is made to be small and the corresponding aberration distribution 
amount is equalized, and not only that but also, the produced lens system becomes a 
system that does not contain a concave lens. Especially, regarding the fir*! fens 31, as the 
convex meniscus, a convex surface is made that is facing the incident beam side, and in 
the second lens 32, relative to the former converging light beam, centripetally, an 
p m it surl )t is pi ic d mil th c ht be m is io used c n ippj >x rn itel the 
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spherical confer of the projection surface. At this time, the curvature radius R3 of the 
second meniscus lens 32 needs to be within the range of 1.5F to 0.5 F. Mere F is the total 
system lot tl point i tanee Nameh at the time when the curvature radius R3 exceeds 
the upper limit of 1.5 f , the spherical surface aberration curvature line collapses to the 
negative side, and on the contrary, the .sine condition curvature line moves to the positive 
direction, and the generated diffusion angle aberration becomes asy mmetrical, and the 
frame flare is increased and the spot diameter becomes unclear. Also, at the time when it 
becomes lower than the lower limit of 0.5 T\ both curve lines together are collapsed to the 
negative side, and the same way, the spot diameter is increased and because of that if is 
desired that the R.3 is set within the above described range. 

Regarding the other second meniscus lens 32 curvature radius R4, if is necessary to be 
selected within the range of 2.0 P to 0.5 F. Namely, at the time when the curvature radius 
R4 exceeds this upper limit value of 2.0 F, the spherical surface aberration curve line 
collapses to the negative side and on the contrary, the sine condition curve line moves to 
the positive side, and also, at the time when it is below the lower limit of 0.5 F, both 
curve lines together are collapsed to the negative side. In either case, the generated 
diffusion angle aberration amount becomes asymmetrical and the flare amount is 
increased and the spot condition becomes unclear, and consequently, it becomes a 
condition where a high precision laser beam spot is not obtained. 

After that, as detailed example, for the beam focusing lens with the details below, the 
tertiary aberration coefficient was obtained and it was according to the shown m the table 
below. 

'Fhe total system focal point distance F* J ,$ 

The curvature radii of the first positive meniscus lens 31 



R1 - 1.55524 
R2 - 3.33672 



f ens thickness 



dl - 0.11131 



Refractive index at X ■■■■■■ 10.6 u 



Distance between the lenses 

Refractive index in air 

The curvature radii of the second p 



nl = 2.4028 
d2 0.002336 



R3 * 0.68984 
R4- 0.83942 



Lens thickness 



d3 - 0.1 1131 



Refractive index at 1 10.6 u 



N3 - 2.4028 



Table: Tertiary aberration coefficient 





Spherical surface 

abberation 

coefficient 


Frame 

abberation 

coefficient 


Anastigmatic 

aberration 

coefficient 


"linage 
surface 

coefficient 


Correction 

aberration 
coefficient 


Baseball 
coefficient 




Av 


~Bv 




JV 


Ov 


0 v 


! 




0.10045 


0. 1 5622 


0.53161 


0.82679 


0.37638 




0.0! 408 


-0.06987 




0.17182 


' W~ 


-0.17496 




uoyy n 






0 75917 


0 94003 


C 84631 
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t) ooogn 


0.01327 






••!• 97094 


-0769550 
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«) o2~;P 




1 .09233 


i. 44356 


...04 'AO 





Regarding this practical implementation example, the spherical surface aberration curve 
<SA) and the sine condition curve (SO practically measured values are shown in Figure 4 
(a) and the lateral aberration curve practically measured values tor the generated 
diffusion angle 4 are shown in Figure 4 (b). 



As it. is understood from the figures, the spherical surface aberration, the sine condition 
both show low values, and also, the lateral aberration curve shows good symmetrical 
properties. 

Also, in the case when the beam light focusing lens according to this present practical 
implementation example is used appropriately for laser processing, if the Gaussian 
distribution possessing laser beam is focused in the vicinity of the local point distance, 
the composite spot becomes a fine spot with a diameter of approximately 90 prn e. and 
compared to the ease when the shown according to Figure 2 (by meniscus single lens 
according to the previous technology, has been used, the power density becomes 130790' 
31 •- 2.1 times, and the cutting processing, the perforating processing precision becomes 
approximately 2.! times better. 

Results from the Present Invention 

According to the above described, in the case of the present invention, it is invention 
whereby a beam focusing tens, characterized by the fact that the first and the second 
positive meniscus lenses made from zinc selenide are installed so that their convex 
surfaces face the direction of the incident light beam and when the total system focal 
distance is denoted as F, the curvature radius that forms the above described second 
positive meniscus tens on one side is within the range of 1.5 F to 0.5 F, and the other side 
it is within the range of 2.0 F - 0.5 F, has been suggested. And by that it is possible to 
obtain low aberration and a microscopic spot, and it is possible to design the increase of 
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the power density at the time of the laser processing and an improvement of the 
processing precision. 

4. Brief Explanation of the Figures 

Figure 1 represents a schematic diagram of the typical laser processing equipment 
according to the previous technology. Figure 2 (a), (b). represent schematic diagrams of 
the beam light focusing lens according to the previous technology. Figure 3 is a diagram 
showing the beam light focusing tens according to the present practical implementation 
example and its light path diagram, Figure 4 is a diagram showing the aberration 
curvature line of the present practical implementation example, (a.) represents the 
spherical surface .aberration curvature line and tb) represents the lateral aberration 
curvature line. 

31 first positive meniscus Jens. 

32 .second p< itb neniscus lens. 
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